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(54) ELECTROCHROMIC ELEMENT 
(57)Abstract: 

PURPOSE: To improve coloring characteristics of an electrochromic element 
(coloring rate and contrast ratio of coloring and decolor) in a low temp, environment. 
CONSTITUTION: This element has such a structure that an electrochromic 
functional layer including a reductive color developing electrochromic layer and a 
transparent ion conductive layer, and an antireflection layer including a transparent 
heat generating layer of ITO are held between a pair of transparent conductive 
layers and that these layers are held between transparent glass substrates. 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ^ ^ ; „ „ .. 

[Claim(s)] 

[Claim 1] The electrochromic element characterized by having the configuration in which the electrochromic stratum ftinctionale which has 
a reduction coloring nature electrochromic layer and a transparent ion electric conduction layer at least, and the heating element layer were 
formed on both sides of the substrate between the electrode layers of a couple. 

[Claim 2] The electrochromic element characterized by ****ing the aforementioned electrochromic stratum functionale and the 
aforementioned heating element layer inside for substrate A by which the electrochromic stratum functionale which has a reduction coloring 
nature electrochromic layer and a transparent ion electric conduction layer at least was formed between the electrode layers of a couple, and 
substrate B in which the heating element layer was formed, or carrying out the aforementioned electrochromic stratum functionale inside, 
carrying out the aforementioned heating element layer outside, and having the configuration which carried out opposite arrangement. 
[Claim 3] The electrochromic element characterized by having the configuration in which the electrochromic stratum functionale which has 
a reduction coloring nature electrochromic layer and a transparent ion electric conduction layer at least, and the transparent heating element 
layer were formed on both sides of the transparent substrate between the transparent-electrode layers of a couple. 

[Claim 4] The electrochromic element according to claim 3 characterized by forming the acid-resisting layer further on the aforementioned 
transparent heating element layer. 

[Claim 5] The electrochromic element characterized by ****ing the aforementioned electrochromic stratum functionale and the 
aforementioned transparent heating element layer inside for transparent substrate A by which the electrochromic stratum functionale which 
has a reduction coloring nature electrochromic layer and a transparent ion electric conduction layer at least was formed between the 
transparent-electrode layers of a couple, and transparent substrate B in which the transparent heating element layer was formed, or carrying 
out the aforementioned electrochromic stratum functionale inside, carrying out the aforementioned transparent heating element layer 
outside, and having the configuration which carried out opposite arrangement. 

[Claim 6] The electrochromic element according to claim 5 characterized by forming the acid-resisting layer in the field of the outside of the 
aforementioned transparent substrate A, and the field of the outside of the aforementioned transparent substrate B. 

[Claim 7] The electrochromic element according to claim 3 to 6 with which the aforementioned transparent-electrode layer is characterized 
by ITO (Sn02 inclusion In2 03) and the aforementioned reduction coloring nature electrochromic layer being [ W03 and the 
aforementioned transparent heating element layer ] ITOs the sheet resistance of lOohms / more than **. 
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DETAILED DESCIUPTION ^ ^ 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the electrochromic element applied as a display device or a permeability adjustable VCF. 
[0002] 

[Description of the Prior Art] Since there is the characteristic feature that memory nature which is not influenced [ with the high 
permeability at the time of decolorization ] of polarization is, as compared with a liquid crystal device etc., the electrochromic (it is 
hereafter described as "EC") element worn and decolorized by impressing a voltage is studied about the application to a display device, a 
permeability adjustable VCF, etc. 

[0003] As one of them, it is W03 to a reduction coloring nature electrochromic layer. Used EC element is proposed in JP,52-46098,B. 
[0004] This W03 H+ which water decomposed in the electric field in order to have colored A cation is required and it is at the time of 
tinction. W03+(-less coloring) ne-+nH+->Hn W03 (tinction) 
nH2 0->nH++nOH - The reaction to say is presumed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it is W03 as mentioned above. Since water was indispensable to tinction, when EC 
element was used at the freezing pomt like a skiing area, there was a trouble where did not color or a tinction speed became slow. 
[0006] Moreover, as an improvement of the tinction speed in the low-temperature environment of EC element, although proposed by JP,61- 
593 1 7,A, since the same electric conduction layer was performing tinction and generation of heat, this had the trouble where a circuit did 
not become complicated or a voltage could not be made high only for generation of heat. 

[0007] Therefore, the purpose of this invention is to improve the tinction property (tinction speed, wearing contrast ratio of decolorization) 

in the low-temperature environment of EC element with easy structure. 

[0008] 

[Means for Solving the Problem and its Function] The configuration of this invention for attaining the above-mentioned purpose is as 
follows. 

[0009] That is, it is in the electrochromic element characterized by having the configuration in which the electrochromic stratum flinctionale 
which has a reduction coloring nature electrochromic layer and a transparent ion electric conduction layer at least, and the heating element 
layer were formed on both sides of the substrate between the electrode layers of a couple the first of this invention. 
[0010] It is in the electrochromic element characterized by ****ing the aforementioned electrochromic stratum flinctionale and the 
aforementioned heating element layer inside for substrate B by which the heating element layer was formed between the electrode layers of 
the second couple of this invention with substrate A in which the electrochromic stratum flinctionale which has a reduction coloring nature 
electrochromic layer and a transparent ion electric conduction layer at least was formed, or carrying out the aforementioned electrochromic 
stratum flinctionale inside, carrying out the aforementioned heating element layer outside, and having the configuration which carried out 
opposite arrangement. 

[001 1] It is in the electrochromic element characterized by having the configuration by which the electrochromic stratum functional which 
has a reduction coloring nature electrochromic layer and a transparent ion electric conduction layer at least, and the transparent heating 
element layer were formed on both sides of the transparent substrate between the transparent-electrode layers of the third couple of this 
invention. 

[0012] It is to the electrochromic element characterized by to **** the aforementioned electrochromic stratum functionale and the 
aforementioned transparent heating element layer inside for transparent substrate B by which the transparent heating element layer was 
formed between the transparent-electrode layers of the fourth couple of this invention with transparent substrate A in which the 
electrochromic stratum flinctionale which has a reduction coloring nature electrochromic layer and a transparent ion electric conduction 
layer at least was formed, or to carry out the aforementioned electrochromic stratum functionale inside, to carry out the aforementioned 
transparent heating element layer outside, and to have the configuration which carried out opposite arrangement. 

[0013] By making this generate heat by impressing a voltage to a heating element layer, the electrochromic element of this invention shows 
a good tinction property, when using it in an environment below the freezing point. 

[0014] As for the third of the aforementioned this invention, and the fourth, it is desirable that start a penetrated type electrochromic element 
and the acid-resisting layer is especially formed further on the aforementioned transparent heating element layer by this invention third, and 
it is desirable that the acid-resisting layer is formed in the field of the outside of the aforementioned transparent substrate A and the field of 
the outside of the aforementioned transparent substrate B in this invention fourth. Thereby, the optical property of a penetrated type 
electrochromic element can be improved. 

[0015] As»a^trSn'sparent-e]eetradei layer^.eoncei;ning thet^ they are >T*©''('^Sn©2*in^iusi'on"Iri^^^ ln2 03, 

and Sn02, for example. Although a grade can be used, ITO (weight ratio In2 03 /Sn02 ** 95/5) is desirable in respect of an optical 
property or resistance. 

[0016] 4s.axeductipn coloring nature eleGtnochromiG4ayep,^they are W03, Mo03, Nb2 05, and Ti02, for example. Although a grade can 
be used, it is W03 in the field of a tinction speed. It is desirable. 

[0017] As a transparent heating element layer, ITO can be used, for example and, as for the sheet resistance, it is desirable that they are 
more than lOohms / **. It is easy to produce the problem that the sheet resistance of a transparent heating element layer does not generate 
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heat enough with the parvus rather than lOohms / **, or power consumption becomes large. 

[0018] As a method of forming above-mentioned each class, the well-known forming [ membranes ] method can be used, for example, 
vacuum deposition, a spatter, an ion plating, CVD, etc. are used. Moreover, the thickness of each class has 1 to desirable SOOOnm, and it is 
suitably designed by an optical property, repeat endurance, etc. which are demanded. 
[0019] 

[Example] An example is shown below and this invention is explained to it in detail. 

[0020] It is the typical block diagram of a substrate and while [example 1] view 1 constitutes the electrochromic element of this example 
explains the manufacture process below. 

[0021] First, the transparent heating element layer and the acid-resisting layer were formed on the transparent glass substrate. Specifically 
They are ITO transparence heating element layer: 1.9 and aluminum2 03 from a substrate side about refractive-index: 1.70 of the transparent 
glass substrate to light with a main wavelength of 540nm, and the refractive index of each class. : 1 .6, Zr02 : 2. 1 , aluminum2 03 : 1 .6, 
Zr02 : 2.1 and MgF2 : Each optical thickness was formed with vacuum deposition by 1.38 as 90nm, 20nm, 159nm, 23nm, 66mn, and 
135nm. 

[0022] Next, the field in which the above-mentioned transparent heating element layer and acid-resisting layer of a transparent glass 
substrate were formed is substrate temperature =300 degree C and 02 as a layer [ 1st ] transparent-electrode layer (transparent electric 
conduction layer) on the field of an opposite side. On condition that partial pressure =5xl0-2Pa, ITO was formed by the 150nm thickness by 
the vacuum deposition method. 

[0023] Next, it is a substrate temperature = room temperature and 02 as an oxidization coloring nature electrochromic layer of the 2nd 
layer. Ir oxide was formed by the 5nm thickness by the RF spatter which used the metal Ir as the target on partial pressure =lPa conditions. 
[0024] Next, it is Ir(water) oxide and Sn02 by the 2 yuan RF spatter using the metal Ir target and the metal Sn target as a mixolimnion of 
the 3rd layer at a substrate temperature ^ room temperature and steam partial pressure =lPa conditions. The mixolimnion was formed by the 
25rmi thickness. 

[0025] Next, it is substrate temperature =300 degree C and 02 as a layer [ 4th ] transparent ion electric conduction layer. At the conditions 

of partial pressure =3xlO-2Pa, it is Ta2 05 by the vacuum deposition method. It formed by the 300mn thickness. 

[0026] Next, it is substrate temperature =300 degree C and 02 as a reduction coloring nature electrochromic layer of the 5th layer. At the 

conditions of partial pressure =5xlO-2Pa, it is W03 by the vacuum deposition method. It formed by the lOOOnm thickness. 

[0027] Next, as a layer [ 6th ] transparent-electrode layer (transparent electric conduction layer), on condition that substrate temperature 

=300 degree C, 02 partial-pressure =5xlO-2Pa, and RF power =150W, ITO was formed by the 300nm thickness by the RF ion-plating 

method, and the electrochromic stratum functionale of six layer structures was formed. 

[0028] The resin seal of the field by the side of pure of the transparent glass substrate which formed the acid-resisting layer in one side 
separately the electrochromic stratum-fiinctionale side of the substrate of the drawin g 1 obtained as mentioned above was carried out and 
carried out inside, and the electrochromic element was constituted. 

[0029] When the tinction speed from which the current of 0.5A is supplied to the transparent heating element layer of this electrochromic 
element on the voltage of direct-current 5V, the voltage of **2V is impressed between both the transparent electric conduction layers of the 
electrochromic stratum ftinctionale, and the contrast ratio of mean permeability with a wavelength of 400-700nm becomes ten or more was 
measured in the 40 degrees C - -20 degrees C environment, it was 20 or less msecs in any environment. 
[0030] First, the acid-resisting layer was formed on [example 2] transparent glass-substrate A. 

[003 1] Next, the field in which the acid-resisting layer was formed is substrate temperature =300 degree C and 02 as a layer [ 1 st ] 
transparent-electrode layer (transparent electric conduction layer) on the field of an opposite side. On condition that partial pressure =5x10- 
2Pa, ITO was formed by the 1 50nm thickness by the vacuum deposition method. 

[0032] Next, it is a substrate temperature = room temperature and 02 as an oxidization coloring nature electrochromic layer of the 2nd 
layer. Ir oxide was formed by the 5nm thickness by the RF spatter which used the metal Ir as the target on partial pressure =lPa conditions. 
[0033] Next, it is Ir(water) oxide and Sn02 by the 2 yuan RF spatter using the metal Ir target and the metal Sn target as a mixolimnion of 
the 3rd layer at a substrate temperature = room temperature and steam partial pressure =lPa conditions. The mixolimnion was formed by the 
25nm thickness. 

[0034] Next, it is substrate temperature =300 degree C and 02 as a layer [ 4th ] transparent ion electric conduction layer. At the conditions 

of partial pressure =3xlO-2Pa, it is Ta2 05 by the vacuum deposition method. It formed by the 300nm thickness. 

[0035] Next, it is substrate temperature =300 degree C and 02 as a reduction coloring nature electrochromic layer of the 5th layer. At the 

conditions of partial pressure =5xlO-2Pa, it is W03 by the vacuum deposition method. It formed by the lOOOnm thickness. 

[0036] Next, as a layer [ 6th ] transparent-electrode layer (transparent electric conduction layer), on condition that substrate temperature 

=300 degree C, 02 .partial-pressure =5xl0-2Pa, and RF power =150W, ITO was formed by the 300nm thickness by the RF ion-plating 

method, and the electrochromic stratum functionale of six layer structures was formed. 

[0037] The resin seal of the transparent heating element layer [ layer / acid-resisting ] side of transparent substrate B which formed in one 
side and formed the transparent heating element layer of ITO in the opposite side separately the electrochromic stratum-functionale side of 
substrate A obtained as mentioned above at it was carried out and carried out inside, and the electrochromic element was constituted. 
[0038] When the tinction speed from which the current of 0.5 A is supplied to ITO heating element layer by the side of transparent substrate 
B of this electrochromic element on the voltage of direct-current 5V, the voltage of **2V is impressed between both the transparent electric 
conduction layers of the electrochromic stratum frinctionale by the side of substrate A, and the contrast ratio of mean permeability with a 
wavelength of 400-700nin becomes ten or more was measured in the 40 degrees C - -20 degrees C environment, it was 20 or less msecs in 
any envu-onment. 

[0039] First, the acid-resisting layer was formed on [example 3] transparent glass-substrate A. 

[0040] Next, the field in which the acid-resisting layer was formed is substrate temperature =300 degree C and 02 as a layer [ 1st ] 
transparent-electrode layer (transparent electric conduction layer) on the field of an opposite side. On condition that partial pressure =5x10- 
2Pa, ITO was formed by the 150nm thickness by the vacuum deposition method. 

[0041] Next, it is a substrate temperature = room temperature and 02 as an oxidization coloring nature electrochromic layer of the 2nd 
layer. Ir oxide was formed by the 5nm thickness by the RF spatter which used the metal Ir as the target on partial pressure =lPa conditions. 
[0042] Next, it is Ir(water) oxide and Sn02 by the 2 yuan RF spatter using the metal Ir target and the metal Sn target as a mixolimnion of 
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the 3rd layer at a substrate temperature = room temperature and steam partial pressure =lPa conditions. The mixolimnion was formed by the 
25nm thickness. 

' '[0043] Next, it is substrate temperature ^300 degree C and 02 as a layer [ 4th ] transparent ion electric conduction layer. At the conditions 
of partial pressure =3xlO-2Pa, it is Ta2 05 by the vacuum deposition method. It formed by the 300nm thickness, 
[0044] Next, it is substrate temperature =300 degree C and 02 as a reduction coloring nature electrochromic layer of the 5th layer. At the 
conditions of partial pressure =5xlO-2Pa, it is W03 by the vacuum deposition method. It formed by the lOOOnm thickness. 
[0045] Next, as a layer [ 6th ] transparent-electrode layer (transparent electric conduction layer), on condition that substrate temperature 
=300 degree C, 02 partial-pressure =5xlO-2Pa, and RF power =150W, ITO was formed by the 300nm thickness by the RF ion-plating 
method, and the electrochromic stratum functionale of six layer structures was formed. 

[0046] Moreover, the acid-resisting layer containing an exoergic layer was formed on transparent glass-substrate B. Specifically They are 
ITO transparence heating element layer: 1.9 and aluminum2 03 from a substrate side about refractive- index: 1 .70 of the transparent glass 
substrate to light with a main wavelength of 540nm, and the refractive index of each class. : 1 .6, Zr02 : 2. 1 , aluminum2 03 : 1 .6, Zr02 : 2. 1 
and MgF2 : Each optical thickness was formed with vacuum deposition by 1.38 as 90nm, 20nm, 159nm, 23nm, 66nm, and 135nm. 
[0047] The resin seal of the pure side of substrate B was carried out and carried out inside the electrochromic stratum-functionale side of 
substrate A obtained as mentioned above, and the electrochromic element was constituted. 

[0048] When the tinction speed from which the current of 0.5A is supplied to ITO heating element layer by the side of substrate B of this 
electrochromic element on the voltage of direct-current 5V, the voltage of **2V is impressed between both the transparent electric 
conduction layers of the electrochromic stratum functionale by the side of substrate A, and the contrast ratio of mean permeability with a 
wavelength of 400-700nm becomes ten or more was measured in the 40 degrees C - -20 degrees C environment, it was 20 or less msecs in 
any environment. 

[0049] [Example 4] The transparent heating element layer and the acid-resisting layer were first formed on the transparent glass substrate. 
Specifically They are ITO transparence heating element layer: 1.9 and aluminum2 03 from a substrate side about refractive-index: 1.70 of 
the transparent glass substrate to light with a main wavelength of 540nm, and the refractive index of each class. : 1 .6, Zr02 : 2. 1 , aluminum2 
03 : 1.6, Zr02 : 2.1 and MgF2 : Each optical thickness was formed with vacuum deposition by 1.38 as 90nm, 20nm, 159nm; 23nm, 66nm, 
and 135nm. 

[0050] Next, the field in which the above-mentioned transparent heating element layer and acid-resisting layer of a transparent glass 
substrate were formed is substrate temperature =300 degree C and 02 as a layer [ 1st ] transparent-electrode layer (transparent electric 
conduction layer) on the field of an opposite side. On condition that partial pressure =5xl0-2Pa, ITO was formed by the 150nm thickness by 
the vacuum deposition method. 

[0051] Next, it is a substrate temperature = room temperature and 02 as an oxidization coloring nature electrochromic layer of the 2nd 
layer. Ir oxide was formed by the 5nm thickness by the RF spatter which used the metal Ir as the target on partial pressure =1 Pa conditions. 
[0052] Next, it is Ir(water) oxide and Sn02 by the 2 yuan RF spatter using the metal Ir target and the metal Sn target as a mixolimnion of 
the 3rd layer at a substrate temperature = room temperature and steam partial pressure =lPa conditions. The mixolimnion was formed by the 
25nm thickness. 

[0053] Next, it is substrate temperature =300 degree C and 02 as a layer [ 4th ] transparent ion electric conduction layer. At the conditions 

of partial pressure =3xlO-2Pa, it is Ta2 05 by the vacuum deposition method. It formed by the 300nm thickness. 

[0054] Next, it is substrate temperature =300 degree C and 02 as a reduction coloring nature electrochromic layer of the 5th layer. At the 

conditions of partial pressure =5x 1 0-2Pa, it is W03 by the vacuum deposition method. It formed by the 1 OOOnm thickness. 

[0055] Next, as a layer [ 6th ] transparent-electrode layer (transparent electric conduction layer), on condition that substrate temperature 

=300 degree C, 02 partial-pressure =5xlO-2Pa, and RF power =150W, ITO was formed by the 300nm thickness by the RF ion-plating 

method, and the electrochromic stratum functionale of six layer structures was formed. 

[0056] The resin seal of the electrochromic stratum functionale of the substrate of the drawing 1 obtained as mentioned above was carried 
out, and the electrochromic element was constituted. 

[0057] When the tinction speed from which the current of 0.5A is supplied to ITO heating element layer by the side of the acid-resisting 
layer of this electrochromic element on the voltage of direct-current 5V, the voltage of **2V is impressed between both the transparent 
electric conduction layers of the electrochromic stratum functionale, and the contrast ratio of mean permeability with a wavelength of 400- 
700nm becomes ten or more was measured in.the 40 degrees C - -20 degrees C environment, it was 20 or less msecs in any environment. 
[0058] Except having not formed a transparent heating element layer and an acid-resisting'layer on both the transparent glass substrate that 
constitutes the [example 1 of comparison] electrochromic element, when an electrochromic element was constituted like an example 1 and a 
tinction speed was measured in a 40 degrees C - -20 degrees C environment, it is set to 20 or more msecs below 10 degrees C, and stopped 
coloring uniformly below 0 degree C. 
[0059] 

[Effect of the Invention] According to [ as explained above ] this invention, it is W03. The remarkable improvement of a tinction property 
in low temperature was attained by adding a heating element layer to the electrochromic element using a reduction coloring nature 
electrochromic layer like a grade. 

[0060] Moreover, in the penetrated type electrochromic element, the remarkable improvement of a tinction property in low temperature was 
attained a transparent heating element layer and by adding an acid-resisting layer further, without causing a fall of an optical property. 



[Translation done.] 
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ABSTRACT : PURPOSE: To improve coloring characteristics of an electrochromic element (coloring 
rate and contrast ratio of coloring and decolor) in a low temp, environment. 

CONSTITUTION: This element has such a structure that an electrochromic functional 
layer including a reductive color developing electrochromic layer and a transparent ion 
conductive layer, and an antiref lection layer including a transparent heat generating layer 
of ITO are held between a pair of transparent conductive layers and that these layers are 
held between transparent glass substrates. 
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TI - Electrochromic component e.g. variable filter - has 
heat emission layer of reflection prevention layer, 
which is made of indium tin oxide and formed on both 
sides of transparent glass substrate 

IW - ELECTROCHROMIC COMPONENT VARIABLE FILTER HEAT EMIT 
LAYER REFLECT PREVENT LAYER MADE INDIUM TIN OXIDE 
FORMING SIDE TRANSPARENT GLASS SUBSTRATE 

PA - (CANO ) CANON KK 

PN - JP8248451 A 960927 DW9649 G02F1/153 005pp 
ORD - 1996-09-27 
IC - G02F1/153 
FS - GMPI;EPI 
DC - P8I U14 V07 

AB - J08248451 The component includes an electrochromic 
layer which has colour redn. and development 
characteristic, and a transparent -ion electric 
conduction layer provided between two electrode layers. 

- A reflection prevention layer contains a heat emission 
layer which is made of indium tin oxide, and formed on 
both sides of a transparent glass substrate. 

- ADVANTAGE - Improves colouring characteristic in low 
temp, without reducing optical characteristic, by 
adding transparent heat emission layer and reflective 
prevention layer . (Dwg. 1/ 1 ) 
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h n p = -y i7^tg® t mllB5^^<*)l€:rtfllllC L T. 
^ L < (iMfBX U i7 h p ^7 P 5 -y ^7 ^tg.H ^F*]ffliHC ffifiB 
infill !C LT.*H^nE« L/i*8/jt^*-r^ C t ^ 
It® i:-r^x U- i7 h Pi7 p 5 -y ^7 *^(cab^, 

[0 0 11] *:^Bj!(O^H!i. — 5t=f(OSB^^ffiiS(OfJ3ir 
'>;S< tfe)1^5!fettXU5' hPi7P5-y5?®i:SB^'f 
:t>^f8e^Wr^Xl/i7 hPi7P5-y^^tEM<h, ^ 

H«%®if*:«A^\ SB^a1s^e^^-efl^^^nfc«^s^w■r 

^ ;r t r ^ X 1/ i7 h P P 5 -y i7 sg^lC * -5>, 

[0 0 1 2] *:s§Bj(D^Eg«. —M(Dmmmmm<Dmz 

:t>^^M£W-r-i)XU- i7 h p i7 p = .y i7j®tgM*WfiSc 
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[0 0 13] ^^B^cDXU-^ Hai^na :y ^^g^ii. ^ 

[0 0 14] mmif^mmm^ikzsmm\t.. mzmi&m 
WLP^<D^m<Dmh. m^m'^n^WLB<D^m(Dm\z. km 
[0 0 15] :^^m(Dm^'BLTsmm\z^.^mmn.mmh 

LTti. m?L\tlTO (Sn02 -^^In: O3 ) , I 

I TO (aait I n2 O.. /SnO 
: =9 5/5) i^m^l^^^. 

[0 0 16] jlTC^fe-ttXl/^? hD^P^ v^^chtT 
tt. «?^JAtfWO^. , M0O3 , Nb2 0:3 . T i O2 ^ 

[0 0 17] ^0J%^{*:gi:LTtS. 9^x.« I TO^ffl" 
^COS— hiStafitil OQ/n«±:T 

«:^7:^^*;^ ^ < /^i: ^ <h ^ o fcR^giT)^^^ U ^ t^^o 
[0 0 18] ±IE&/ic;)^JK?£chLTI'S, li^cD^mS 

ODiiffiil nm:<?^i?, 5 0 0 Onm;)^^g^L<, S*^n 
[0 0 19] 

[0 0 2 0] mmmi^ H 1 tS**SS^)cDXU'i7 ha 

so, J^Tlr^c^^SB^P-feX^IKo^-r^c 
[0 0 2 1] 5tr. ae.^:^^XS«±trS0^^3^(*:®5: 

nmO7fefI.*t"r^^ej:^^xa«0Da9f^ : 1. 70, 
&^c7DSl^^^S1S®J;0^b I TO^0J%^(*:^ : 1. 
9, A 1 2 O:. : 1 . 6. Z r O2 : 2, 1 , A 1 O 
3 : 1 . 6. Z r : 2. U Mg F2 : 1 . 3 8T 
&>^C0->t^^6^K^?^ 9 0 nm, 20nm, 159nm, 
2 3nm, 6 6nm, 1 3 5 nm<h LTft^g^^-tf^li 



3) ^#ffi^8 - 2 4 8 4 5 I 

[0 0 2 2] '^\z. mwiiiv7.mwL<T:>hw&m^mW'm 
msKmn±m^'^'^\^fz^t,\%Knmo^m^L\z. %\ 

Ot:, O2 :^>SE= 5 X 1 0 - P acD^ft^T. K^.^^Jt 
tCj; D I TO^ 1 5 0 nm(DKjjPTJi^JbtL/Co 

[0 0 2 3] 'K\z. 'm2m(nm\Lm.^'^jzvovu^u 

[0 0 2 4] ^ 3IicoS^JS<hLT, 

\Z^^. I r (*) i^^t;#ra:Sn02 C0?g^)1^2 5n 

[0 0 2 5] 'Jk\z. mAmo^mm^-^y'^nmt.x.x. 

aKfiffi= 3 0 0'C. O2 5^JE= 3 X 1 0-^ P aco^^^t^ 
T\ S^sllrSiCi: 0 T a2 O.. ^ 3 0 0 nmcO^J?-^ 

20 [0 0 2 6] :;^:t::. m 5 Hc/^ilTt^fettxi/^/ hP^^p 
5>y i7jia:bT. XS©S=3 0 0t:. O2 '^fiE= 5 x 
1 0 - P a(7)^#-C. a^'^SStXcfcOWOs ^10 0 

[0 0 2 7] ^esco^wmffi/i 

^LT. SiSSS= 3 0 0r> 025^r£= 5 X 1 0-^ P 
a, mnW^'J-'= \ 5 0WO^ft^T\ iftJ^JS-f :t>7' 
U — yfmz^y) 1 TO^ 3 0 0 nmc7)^)¥Tfl^^£ 
LT. 6 lH«j(icoxi^ :7 HP^7P^ ^^/^at^/P^fl^^L- 

J^? [0 0 2 8] ±facD«(r LTftetlfcISl COSfficTDXl/ 

fl^ L ^ ii :y ^ X aiS oMi^fflil ^ i^fflil ic L T taii 

[0 0 2 9] CCDXUi? ha/7p^ ^'^T-CO^HJ!^^ 
f*@iCfiat5 VOS;±T0. 5 ACO«(?it^#^S&L, Xl^ 
^ h P^ P i= i7.^tg,ll(7)fl^MQ^^«^r^fC± 2 V(7)m 
ffi^fflJbDLT. iKfi4 0 0-7 0 0 n mT<?5¥i^^3a^ 
(7)3>b^X Mt;!>n 0«±tc;^j:^«-fe5iS^4 or- 
- 2 orco5I^TM^L-/ci^:^> v^-rnco^^Ttj 2 
'/i? 0ms e cBlTTSo;^^ 

[0 0 3 0] [*MW2] S?g;9^X»^A±{CMSJ 

[0 0 3 1] ;*:tz. Kmn±m^w^&\^tzMh\^wMm 

»1SSa^= 3 0 Ot:. 5i'/E= 5 X 1 0 - P aO^fl^ 
K^^^'^tCcfcO I TO^ 1 5 0 nmcoMJ5-e?i^^ 

[0 0 3 2] :*fc. ^2g(75Kfl:^fettxu::7 kp^^d 
^'yi7jia:tT^ O2 ^ffi=lPaco 
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[0 0 3 3] ll3SC0?S^iltLT. = 

^a. ^.^M5i-ffi= 1 P aW^frT, r^'-y-y 
ht^SS niS'-y-y hS:fflt^fc2 7CiiSraiKXA°-y ^'S 
IXcfcO. I r (tK) ggftfjiSnO: <73rl^ffi^2 5n 

[0 0 3 4] mz. m4m<Dmm^^>mmmti^r. 
»isia^= 3 0 o"c. 02 5^j£= 3 X 1 0-= p aro^ft^ 

-r. A?S^«^!CcfcOTa2 O5 ^ 3 0 0 n m<7DKJPT 
ig^L-fc, 10 

[0 0 3 5] '-Xlz. |g5g<;5jl7c?ieftxU'i' hDi/n 
S-yi^SiLT. *«iajg=3 0 Ot:, O2 $^.E=5X 

10- - PacD^frT. KS^SSi'J:0WO3 SI 0 0 

[0 0 3 6] -^{z. f^emcommmmm immmnm) 

i LT, ^mUS.= 3 0 or, 02:^m= 5 X 1 0 = P 

a. i«^SA'7-= 1 5 owco*fr-t. »mj&-f^>-y 

V'—'f-^ y^m\ZX.y) I TOS:3 0 OnmCOBiJ»Tfg^ 
[0 0 3 7] ilEcDtilcUTff enfeS1SA(;5XU-i7 h 

m\z I 'vo<nmm^m¥^m^w^^vtz.mm'&^^<r>m.m 

•y i7^TS«fiStL/i. 

[0 0 3 8] ^(Dx.\y>7 vn^azv '7m'T-<nm.m&^ 

BfflilcD 1 T0^5^#:^IC»itat5 V(Dttji-C0. 5AC0- 

S«tAffliJ(;5XU- i7 h-a^7n5 i^^tga 
COMSB^^S««fSIiC± 2 VCDSJISSI^DLT. tgg4 0 
0~7 0 0 nm-eco^^Si§mc03>h^X hlt^Sn. 0 JO 

i-:(.±fc:/=i:;s«feig«S4 ot:~- 2 orco^iSTateL 
tziiZ.^. i.->-rn<DSii^-Cfc 2 0ms e c&^T-Cfe-:) 

[0 0 3 9] [3I5S^|3] gBj!;9 7X»1SA±ir»?;j 

[0 0 4 0] uk\z. Kis^^itm^m^LrzM}i\^Ktm\ 

»«?aiS=3 0 0"C. O2 5i-)£=5 X 1 0-= P acr>^ft= 
T. M'^mmmz^Ki I TOS l 5 0 nmCDm^-VW^J^SL 

[0 0 4 1] '^\z. S5 2@w^{kS!fe14xU>^ hni7n 
S-yi'SiLT, S^iaS=^ta. 0= ^^E=lPa(73 

IC<i;iO I rK^fc^SS nmCOBiJ*-ef&eS;b;t, 

[0 0 4 2] ^^(C, msSCOrg^BtL-T. S1SjaS= 
^M. *s«^^l£= 1 P a(?5^#-tf. ^MI r^'-y-y 
h t^SS n5'-y-y h Sffll^fc 2 TCiSPiSX A' -y 

I r (*) ^fbi^tSnO^ C0rl&Jl€:2 5n 

[0 0 4 3] lg4®C0^B^-f :t>iSS)li:LT. 50 



!|tP¥8 - 2 4 8 4 5 1 

5 

»SSJ2=3 0 0'C. 02 5i-)EE= 3 X 1 0-- P a«^# 
T. K^sl«jiiCi;t)Ta3 O. *3 0 0 nm©MeT 

[0 0 4 4] ^SBWilTC^e^^XU-i/ hOi7D 

£-yi7jlibT. SSfiS=3 0 0'C, O2 = 5 X 

1 0-- P a<?)*fr-C. a^^l^^£(CJ;DW03 SI 0 0 

[0 0 4 5] ig6;i»SH^«ffiji mmm'^m) 
tL.T> s«ias=3oot;. O2^m=5xio-'p 
a. Mn^n^-=i 5 OWW^frT, iiiM?iS-f ^>7' 
U-T^-w- y!fm\Z^D I TOS3 0 0 nmOD^ffTJg^S 
LT. 6l«jfic7)X^5' hn J7D5 "yi'^tgHSfl^fiSL' 

[0 0 4 6] SB^:^/^x»«B±IC. 5!^)1S^ 

t;S»=fK±^SJ^;SLfco ^f4i«{c^i. 4''L-SSfi5 4 0 
nmCD^lrM-r^SiSBJ^^xa^CDJatfT^ : 1. 7 0. 

^sroai/f^ss^fflij^j^b I TQ-mmmw-m ■. i. 

9.A1:03 :1. 6. Zr02 :2. I.AI2O 
3 :1. 6, Zr02 :2. l.MgF^ :1. 38T 
S^^CO^^WMW^S 0 nm, 20nm, 159nm, 

2 3 nm, 6 6 nm, 13 5 nmi: LTK^aSSTfiEM 

[0 0 4 7] ±fBCOiHCLT#e.nfcStSAC73XU-i? h 

ISfliitihL, XU-i7 hPi7D5-yi7*^S«^L/i. 

[0 0 4 8] C®XUi7 hDi7P5.y:>}g^CDS^BM 
<?D I TO^I^#:jllCtiia5g5 VcDmiET 0. 5AO««t 
S#t«&L, SKA(|iJCDXl/i7 hPi?D5-yi?aSgllW^ 
SH^#«^PB^iC± 2 VC0«^ESP|11JPLT, fe:g4 0 0~ 
7 0 0 nmTC0^i^Mjl*CD3> h^X hJtrtU Oeil,± 
lC^c^lffejS«S4 0*C- — 2 ori^^S^TMO^Lfci: 
d^, V^TtlC0Si^Tfc2 Oms e cOTTfeofc. 

[0 0 4 9] [5^)ffl0iJ4] ^-r, S0Jl^f7X^«±tCS 
H(!»ll*f*:®Ry:S#+E&ll:»SJg*r£Lfco :SrfrWiC«. 4- 
'il^iSfi 5 4 0 nm»7t(c*f-r^SHJ;tf^X»«ociaW 
: 1 . 7 0. ^aoatff^^SSKiaW^e I TOSB^^ 
»if*:H : 1 . 9 . A 1 2 O2 : 1 . 6 . Z r O2 : 2 . 
I.AI2O3 :1. 6. ZrO= :2. l.MgF 
2 : 1. 3 STS-'^W^t^-W^J^SQ 0 nm, 2 On 
m, 159nm, 23nm, 66nm, 135nm<i:L 

[0 0 5 0] -A^z. miiy7.mw.(r>±.t^mm%f^wm 

Ot:, O2 5 X 1 0-= P aW^fl^T. *^al^a 

tC<l;0 I TOS 1 5 0 nm(7)K)?-rJ1?ij£bfc= 

[0 0 5 1] •^\z. ^2m<r>mit^^'&J^\y!7 hPi^p 
S-yi'fltLT, S«SS=^ia. 0= !^m=l^a<n 
^frT. ^MI r S^'-y-y htUfcEiilSX/t-y^?* 
ICJ;0 I r^ft«^S5 nmCO^JPTfl^JBSLfc. 
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(5) 



[0 0 5 2] '^{z. msm(Dm'^mtLx. 

m^Um=3 0 or, O2 5>J£=3 XI 0-- P a(D^f¥ 
M'^Mmmz^K^T ai O, ^ 3 0 0 nmOK/¥T 

[0 0 5 4] '^IZ. m BScoSTC^fettXU-^ ha^D 10 

io--paco^frT% M^mmmz^Dwoz ^100 
[0 0 5 5] mem<Dmmnmm (mmmmm) 

tVX. m^Um.= 3 0 or. 02^Af£= 5x10-2? 
I/-5^^ y^mz^D I T0^3 0 0 nmcDmmxm^ 

[0 0 5 6] JilB(7)-f$EcLTf#en/cig 1 COSISCOXU W 
[0 0 5 7] C(?DXUi> hn^P^ -y^^TcoSt+gSi 

mm(D I To^mwmizmm.5v<Dmi±xo, dacdm 



nm^8-2 4 8 4 5 1 



8 



(C± 2 Vc;>®E^^J]DLT> ?S-S4 0 0-7 0 On 

fei^«^4 or-- 2 ot:o^i^-eaii^L/i<hc5, 

-mco^^Tt)2 Oms e c jy.TT:$>o fc. 
[0 0 5 8] []t© W 1] xu^hni/Q^vi? ^ 

TXl^^7 hP^ni ^-^T^^^^-jcb. 4 or-- 20 

Oms e csi±trs.r^. orj^T-efii^-tc«feb;i< 

[0 0 5 9] 

[0 0 6 0] ^fz. a3iiSfXU^7 hD^7PS v^^^^tl 



[1^1] 



JgQJ^mJi C I TO) 








j^H;3-r:a->^mfi CT a.o, 


) 




I r C;X) m^t^t S n O^tCifJ 






J- b h D ^ D A -y © ( 1 r 






SB^^^Jl CI TO) 



{ T 0 
x\ 1 .0. 

Z c Q, 
A 1.0, 

Z r O, 
Mg F, 
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